Context. We present deep archival VLT/FORS1+UVES spectroscopic observations of the system of two blue compact dwarf (BCD) galaxies SBS 0335-052E and SBS 0335-052W. Aims. Our aim is to derive element abundances in different H II regions of this unique system of galaxies and to study spatial abundance variations. Methods. The electron temperature T e (O III) in all H II regions, except for one, is derived from the [O III] λ4363/(λ4959+λ5007) flux ratio. We determine ionic abundances of helium, nitrogen, oxygen, neon, sulfur, chlorine, argon and iron. The empirical relations for ionization correction factors are used to derive total abundances of these elements.
Introduction
The pair of extremely metal-deficient blue compact dwarf (BCD) galaxies SBS 0335-052E and SBS0335-052W plays a key role in understanding physical conditions in the interstellar medium, star formation, and stellar evolution at very low metallicity. The first spectroscopic observations and abundance determinations of the brighter eastern galaxy were completed ∼ 20 years ago (Izotov et al. , 1990a,b,c) . The fainter western galaxy was discovered and spectroscopically studied first by Pustilnik et al. (1997) . Based on the VLA H I mapping Pustilnik et al. (2001) showed that both galaxies are embedded in a large H I cloud (66 by 22 kpc) and constitute a pair (separated by 22 kpc) of physically related galaxies.
First abundance determinations of the brightest knot of SBS 0335-052E inferred a very low oxygen abundance in the range 12+logO/H = 7.0 -7.3 (Izotov et al. , 1990a,b,c; Melnick et al. , 1992) , implying that it is one of the most metaldeficient BCD known. Later spectroscopic studies of SBS 0335-052E indicated that the oxygen abundances of the brightest regions are 12+logO/H ∼ 7.3 (Izotov et al. , 1997b (Izotov et al. , , 2006a Papaderos et al. , 2006) . They also detected variations in the oxygen abundance in the range of 12+logO/H = 7.1 -7.3 on spatial scales of ∼ 1 -2 kpc. On the other hand, the oxygen abundance in SBS 0335-052W is lower yet, 12+logO/H = 7.12 ± 0.03 , making it the lowest-metallicity emission-line galaxy known to date. For comparison, the oxygen abundances in the second and third most metal-deficient galaxies DDO 68 (≡SDSS J0956+2849) and I Zw 18 are respectively, 7.14 ± 0.03 (Izotov & Thuan , 2007) and 7.17 ± 0.01 . Fig. 1 . left 2.2m Calar Alto telescope B image of the galaxy system SBS 0335-052E and SBS 0335-052W. The two straight lines indicate the location of the slit during VLT/FORS observations. right Archival HST UV image of SBS 0335-052E. The clusters are labelled according to and Papaderos et al. (1998) . The extremely low oxygen abundances in the galaxy pair SBS 0335-052E and SBS 0335-052W imply that they are among the most suitable relatively nearby objects (at a distance of 54 Mpc) for studying the properties of low-metallicity stars and the interstellar medium and interpreting the physical conditions in high-redshift young galaxies. The brighter BCD SBS 0335-052E has been extensively studied in different wavelength ranges. The most imortant results from these studies are the following: 1) Star formation in this galaxy resides in several very compact and bright super-star clusters (SSCs) Papaderos et al. , 1998; Thompson et al. , 2006 Thompson et al. , , 2008 . These SSCs are labelled in Fig. 1 (right panel) following and Papaderos et al. (1998) . 2) discovered evidence of stellar winds in the massive stars of SBS 0335-052E based on the HST UV spectroscopic observations of the brightest SSCs. 3) Vanzi et al. (2000) first detected near-infrared emission lines of molecular hydrogen, implying that star formation in SBS 0335-052E occurs in molecular clouds. Thompson et al. (2006 Thompson et al. ( , 2008 identified this emission with SSCs No.1 and 2. The discovery of H 2 emission is in line with the detection of warm and hot dust emission Vanzi et al. , 2000; Hunt et al. , 2001; Houck et al. , 2004) that is also associated with dense starforming regions. 4) High-ionization emission lines are present in SBS 0335-052E (in particular, [Ne V] λ3346, 3426) indicating that the hard ionizing radiation with photon energies above 7 Ryd is intense in this galaxy. This radiation is most likely to be associated with fast radiative shocks propagating in the dense interstellar medium .
SBS 0335-052W has not been studied in such detail mainly because it is much fainter than SBS 0335-052E. No HST images have yet been obtained for this galaxy precluding detailed analysis of the morphology of its central region. Ground-based photometric and spectroscopic observations suggest that star formation in SBS 0335-052W is confined to several young clusters, which are not as bright as SSCs in SBS 0335-052E (Pustilnik et al. , 1997; Papaderos et al. , 1998; Lipovetsky et al. , 1999; Izotov et al. , 2005; Papaderos et al. , 2006) . On the other hand, the western galaxy is brighter in the X-ray range and in the H I λ21 cm emission line (Pustilnik et al. , 2001) .
Despite extensive optical spectroscopic studies of both galaxies, additional high-quality spectroscopic observations with large telescopes had been required. First, improving the heavy element abundance determinations is important to the study of abundance variations in extremely low-metallicity environments and understanding the mixing processes in the interstellar medium. Secondly, this system of galaxies is one of the most suitable targets for the determination of the primordial He abundance (Izotov et al. , 2007a) . To address these problems, we use 8.2m Very Large Telescope (VLT) spectroscopic observations of both galaxies obtained with the spectrographs FORS1 and UVES Some of these data are of the highest signal-to-noise ratio (S/N > ∼ 100 in the continuum), spatial resolution (<1 ′′ ), and spectral resolution (∼ 0.02 -3Å) ever obtained for these galaxies. The raw data of these observations were extracted from the European Southern Observatory (ESO) archive.
The objective of this paper is to determine with the highest precision, the element abundances in the different regions of SBS 0335-052E and SBS 0335-052W (Fig. 1) , to study heavy element abundance variations and derive He abundances.
In Sect. 2, we describe observations and data reduction, and in Sect. 3 we present our results. Our conclusions are presented in Sect. 4.
Observations and data reduction

FORS observations
The FORS spectra of SBS 0335-052E and SBS 0335-052W were obtained on 10 September, 2002 with the FORS1 spectrograph mounted at the UT3 of the 8.2m ESO VLT [ESO program 69.C-0203(A)]. The observing conditions were photometric throughout the night.
Two sets of spectra were obtained. Low-resolution spectra were obtained with a grism 300V (λλ∼3850-7500) and a blocking filter GG 375. The grisms 600B (λλ∼3560-5970) and 600R (λλ∼5330-7480) for the blue and red wavelength ranges were used in the high-resolution observations. To avoid second-order contamination, the red part of the spectrum was obtained with the blocking filter GG 435. . Note the presence of broad emission in the hydrogen lines Hα, Hβ, and Hγ. No appreciable broad emission is detected in strong forbidden lines, implying rapid motions of relatively dense ionized gas with an electron number density N e ≥ 10 5−6 cm −3 .
The long (∼418 ′′ ) slit with a width of 0. ′′ 51 was centered on regions No. 1 and 2 in SBS 0335-052E and oriented in a direction with position angle of -91.
• 7, simultaneously crossing the brightest H II region in SBS 0335-052W (Fig. 1, left) . The spatial scale along the slit was 0.
′′ 2 pixel −1 and the resolving power λ/∆ λ = 300 in the low-resolution mode and λ/∆ λ = 780 and 1160 in a high resolution mode for the 600B and 600R grisms, respectively. The spectra were obtained at low airmass < ∼ 1.1, so no correction for atmospheric refraction was necessary. The seeing was ∼ 0.
′′ 9 during the low-resolution observations, 0. ′′ 62 -0.
′′ 77 during the high-resolution observations in the blue range, and 1. ′′ 00 -1. ′′ 07 during the high-resolution observations in the red range. The total integration time for the low-resolution observations was 720 s (6 × 120 s). The longer exposures were taken for the high-resolution observations and consisted of 4320 s (6 × 720 s) and 2773 s (4 × 600 s and 1 × 373 s) for the blue and red parts, respectively. In Fig. 2 , we show the distribution of the Hβ emission line flux along the slit. The bright regions No. 1+2 and the much fainter region No. 7 in SBS 0335-052E are labelled in Fig. 2a . The regions No. 1 through No. 4 in SBS 0335-052W are denoted in Fig. 2b according to their brightness in the continuum. We note, however, that the Hβ line of the region No. 4 is slightly stronger than that of the region No. 3. We note also, that, despite the small angular separation between regions No. 2 and No. 3 and between No. 1 and No. 4 , the good photometric conditions during observations and the small CCD pixel size allowed us to resolve all four H II regions in SBS 0335-052W and extract one-dimensional spectra for all of them.
UVES observations
Spectra of regions No. 1+2 of SBS 0335-052E were also obtained on 6 September 2003 with the UVES echelle spectrograph mounted at the VLT (UT2) ESO telescope ]. The gratings CD#2 with the central wavelengths 3900Å and 4370Å in the blue arm, CD#3 with the central wavelength 6000Å and filter BK7-5, and CD#4 with the central wavelength 9000Å and filter OG590 in the red arm were used to provide spectra for the wavelength range λλ3300-10000 over 124 orders. The slits with length of 8 ′′ and 12 ′′ for blue and red parts of the spectra, respectively, and width 3 ′′ were centered on regions No. 1+2. The spatial scale along the slit was 0.
′′ 246 and 0.
′′ 182 for the blue and red arms, respectively. The galaxy was observed at a low average airmass of 1.13, so no correction for atmospheric refraction was necessary. The seeing was 0. ′′ 61 -0.
′′ 63 at the start and at the end of observation. The spectra were obtained at position angle of 0
• with an exposure time of 3000 s for the gratings centered on 3900Å and 6000Å and of 6300 s for the gratings centered on 4370Å and 9000Å.
Two observations were obtained with UVES on 9 November 2002 [ESO program 70.B-0717(A)]. The first observation was for the brightest part of SBS 0335-052W with an exposure time of 17550 s at position angle of 110
• and the second one simultaneously for regions No. 1+2 and No. 4+5 of SBS 0335-052E with an exposure time of 2400 s at position angle of 150
• . The grating CD#2 centered on 3900Å and filter HER-5 and grating CD#3 centered on 5800Å and filter SHP700 were used resulting in the wavelength range λλ3250-6950 over 77 orders for regions No. 4+5 of SBS 0335-052E and for the brightest region of SBS 0335-052W). The slits with length of 8 ′′ (grating CD#2) and 12 ′′ (grating CD#3) and width 1 ′′ were used. The spatial scales along the slit were 0.
′′ 246 and 0. ′′ 182 for gratings CD#2 and CD#3, respectively. The spectra were obtained at low average airmasses of 1.17 and 1.08 for SBS 0335-052W and SBS 0335-052E, respectively, so no corrections for atmospheric refraction was required. The seeing was ∼ 0.
′′ 8 during the observations of both galaxies.
The UVES observations of the regions No. 4+5 and No. 7 of SBS 0335-052E were obtained on 11 October 2001 [ESO program 68.B-0310(A)]. The gratings CD#1 centered on the wavelength 3460Å and filter CUS04, and CD#2 centered on the wavelength 4370Å and filter CUSO4 were used in the blue arm, while gratings CD#3 centered at the wavelength 5800Å and filter SHP700 and CD#4 centered at the wavelength 8600Å and filter OG590 were used in the red arm. This setup resulted in the wavelength range of λλ3150-9900Å over 124 orders. The slit length and width were 12 ′′ and 1. ′′ 5, respectively. Spatial scales along the slit were 0.
′′ 246 and 0. ′′ 182 for blue and red arm observations, respectively. All spectra were obtained at position angle of 60
• with an exposure time of 1500 s. Averaged airmasses for CD#1+CD#3 and CD#2+CD#4 observations were 1.88 and 2.24. Therefore, correction for the atmospheric refraction was required, but it was not applied, presumably because the parallactic angle of 74
• during observations was close to the position angle. This probably has a small effect of atmospheric refraction. The seeing was 0.
′′ 77 and 1. ′′ 26 at the start and the end of observation, respectively.
Data reduction
The data were reduced with the IRAF 1 software package. This included bias-subtraction, flat-field correction, cosmic-ray removal, wavelength calibration, night sky background subtraction, correction for atmospheric extinction, and absolute flux calibration of the two-dimensional spectrum. The spectra were also corrected for interstellar extinction using the reddening curve of Whitford (1958) . The flux-calibrated and redshift-corrected one-dimensional FORS spectra of the regions No. 1+2 and No. 7 in SBS 0335-052E and four regions in SBS 0335-052W are shown in Figs. 3 and 4, respectively. In Fig. 5 , we show the ex- panded high-resolution spectrum of SBS 0335-052E No. 1+2 (the same as in Fig. 3 ) to be able to identify more clearly the numerous weak permitted and forbidden lines. We note the presence of broad Hα, Hβ, and Hγ emission in Figs. 6, 7, and 8, respectively , and the spectrum of the bright part of SBS 0335-052W is shown in Fig. 9 .
Emission-line fluxes were measured using Gaussian profile fitting. The 1σ errors of the line fluxes were calculated from the photon statistics in the non-flux-calibrated spectra. The true errors in the line fluxes are probably higher because we do not take into account uncertainties introduced during observations (e.g., effect of differential refraction) and data reduction. The line flux errors were propagated in the calculations of the elemental abundance errors. The extinction-corrected emission line fluxes I(λ) relative to the Hβ fluxes multiplied by 100, the extinction coefficients C(Hβ), the equivalent widths EW(Hβ), the observed Hβ fluxes F(Hβ) and the equivalent widths of the hydrogen absorption lines are listed in Tables 1 and 2 (low-resolution and high-resolution FORS observations), in Table 3 (for weak lines in the high-resolution FORS spectrum of SBS 0335-052E No. 1+2), and in Table 4 (UVES observations).
Results
Electron temperature and electron number density
The electron temperature T e , the ionic and total heavy element abundances were derived following Izotov et al. (2006b For all regions in SBS 0335-052E, the electron number densities N e (S II) were obtained from the [S II] λ6717/λ6731 emission line ratio, whereas in all regions in SBS 0335-052W, except for region No. 1, the [S II] λ6717, 6731 emission lines are too weak to allow density determinations. Therefore, for abundance determinations in regions No. 2, 3, and 4 of SBS 0335-052W, we adopt N e = 10 cm −3 . The value of the electron number density makes little difference to the derived abundances since in the low-density limit, which holds for the H II regions considered here, the element abundances do not depend sensitively on N e . We note that errors of the element abundances do not account for the uncertainties in the ionization correction factors. The electron temperatures T e (O III), T e (O II), and T e (S III), electron number density N e (S II), the ionization correction factors (ICFs), and the ionic and total N, O, Ne, S, Cl, Ar, and Fe abundances derived from the forbidden emission lines are given in Tables 5 and 6 (low-resolution and high-resolution FORS observations), respectively and in Table 7 (UVES observations). We note that the T e (S III) derived in all observations lies between T e (O III) and T e (O II), as expected. (Table 4) . Adopting radiative recombination coefficients from Péquignot et al. (1991) , we obtained a O 2+ /H + abundance ratio of (1.50±0.75)×10 −5 from the recombination line flux. This value is consistent with that derived from the forbidden lines (Table 6) .
Oxygen abundance
We derived the oxygen abundances of regions 1+2 in SBS 0335-052E to be 12 + log O/H = 7.28±0.01 (low-resolution FORS observations), 7.23±0.01 (high-resolution FORS observations), and 7.28±0.01 and 7.27±0.01 (for two different UVES observations). For regions 4+5, the oxygen abundance was inferred to be 12 + log O/H = 7.28±0.01 and 7.32±0.01 for two UVES observations. For cluster 7, its oxygen abundance is 7.12±0.04 (low-resolution FORS observation), 7.15±0.02 (highresolution FORS observation), and 7.24±0.05 (UVES observation). The true differences in the oxygen abundance determinations for the same regions are higher than the calculated errors based on the noise statistics, implying that the errors could be underestimated. In particular, these errors do not include uncertainties introduced by the standard data reduction. Additionally, differences in oxygen abundances could probably be caused by different slit positions and different apertures. The oxygen abundance obtained from a combined spectrum of the brightest regions 1+2+4+5 is 7.30±0.01 and is very close to the value 7.31±0.01 obtained by Izotov et al. (1997b) and for the brightest part of SBS 0335-052E . Our oxygen abundances for regions 4+5 are close to the value 7.27±0.02 obtained by Papaderos et al. (2006) . We find that the oxygen abundance in the fainter region 7 is lower than in the brighter regions and compares well with the previous determination of 7.21±0.02 by Papaderos et al. (2006) . Thus, we confirm the tendency for the oxygen abundance to decrease from the brightest part of SBS 0335-052E to its outer fainter part, suggesting the presence of oxygen abundance variations on spatial scales of ∼ 1 -2 kpc, in agreement with the finding of Izotov et al. (1997b) , Izotov et al. (2006a) , and Papaderos et al. (2006) .
The oxygen abundance of the whole bright part of SBS 0335-052W obtained from the UVES spectrum is 12 + log O/H = 7.13 ± 0.02. This value is consistent with 12 + log O/H = 7.12 ± 0.03 found by Izotov et al. (2005) from combined 4m Kitt Peak, 6.5m MMT, and 10m Keck II telescope observations, with 12 + log O/H = 7.11 ± 0.05 obtained by from MMT observations, and with 12 + log O/H = 7.13 ± 0.08 found by Papaderos et al. (2006) from 3.6m ESO telescope observations. Thus, different determinations of the oxygen abundance in the aperture covering the bright part of SBS 0335-052W are in a good agreement.
The determination of the oxygen abundances in individual star-forming regions of SBS 0335-052W is a more difficult task because of the faintness of these regions and the small angular separations between them. From 3.5m Calar Alto telescope R, I photometry, Lipovetsky et al. (1999) have found that SBS 0335-052W consists at least of three star-forming regions. Given the good seeing during FORS observations, we find that SBS 0335-052W consists of 4 regions (Fig. 2b) . Our regions No. 1 and 2 correspond to the brightest western and eastern regions of Lipovetsky et al. (1999) . The oxygen abundance of 12 + log O/H = 7.22 ± 0.07 of the brightest region No. 1 (FORS) is consistent with the value 12 + log O/H = 7.22 ± 0.03 inferred by Lipovetsky et al. (1999) . However, our oxygen abundance of 12 + log O/H = 7.01 ± 0.07 for region No. 2 is significantly lower than that of 12 + log O/H = 7.13 ± 0.07 obtained by Lipovetsky et al. (1999) . The main reason for the difference is that Lipovetsky et al. (1999) did not observe the blue part of the spectrum in region No. 2 covering the emission line [O II] λ3727 and assumed its flux relative to Hβ to be the same as that in region No. 1. The relative flux [O II] λ3727/Hβ in this region is a factor of ∼2 lower than that adopted by Lipovetsky et al. (1999) (see Table 2 ). Applying our value of [O II] λ3727/Hβ ratio to the Lipovetsky et al. (1999) observations, we obtain 12 + log O/H = 7.04 ± 0.07, which is very close to the value for region No. 2 obtained from our data. The fainter regions No. 3 and 4 in SBS 0335-052W were not discussed in previous papers and for the first time, we derive element abundances in these regions. Thus, we confirm the very low oxygen abundance of region 1. We also find that three of four H II regions have unprecedently low oxygen abundances of 12 + log O/H = 7.01 ± 0.07 (region 2), 6.98 ± 0.06 (region 3), and 6.86 ± 0.14 (region 4), confirming our previous findings that this galaxy is the most metal-deficient emission-line galaxy known. We note, that [O III] λ4363 emission line was not detected for region 3. Therefore, the oxygen abundance in this region was derived using the semi-empirical method described by Izotov & Thuan (2007) . Similar to SBS 0335-052E, we find that the oxygen abundance in SBS 0335-052W varies from region to region. These variations are in the range from 12 + log O/H = 6.87 to 7.22, which is even higher than the variations that we obtained for SBS 0335-052E.
If real, the oxygen abundance variations in both galaxies would argue in favour of self-enrichment by the fresh heavy elements synthesized during the present burst of star formation and slow mixing of these elements with the surrounding regions. It is also possible that the [O III] λ4363Å emission line is enhanced by shocks and the effect is likely to be stronger in regions with weaker lines (Peimbert et al. , 1991; Izotov et al. , 1997a) . Consequently, this enhancement would result in the underestimation of the oxygen abundance. However, this effect is difficult to take into account because of insufficient information about the shock contribution to ionization and heating of H II regions.
Other heavy element abundances
In Fig. 10 , we show the abundance ratios log N/O (a), log Ne/O (b), log S/O (c), log Cl/O (d), log Ar/O (e), and log Fe/O (f) versus oxygen abundance 12 + log O/H for different H II regions in SBS 0335-052E and SBS 0335-052W, and compare them with data for a large sample of emission-line galaxies. Data for H II regions in SBS 0335-052E are shown by large filled circles and for H II regions in SBS 0335-052W by stars. The galaxies from comparison samples are shown by small symbols. We show by small filled circles data for galaxies collected to study the helium abundances in low-metallicity blue compact dwarf galaxies (the HeBCD sample, Izotov et al. , 2004b; , and by dots the galaxies from the SDSS DR3 sample (Izotov et al. , 2006b ). In each panel, the solar abundance ratio by Lodders (2003) is indicated by the large open circle and the associated error bar.
As for α-elements, the ratios of Ne, S, Ar abundances to oxygen abundance, Ne/O derived for different regions in SBS 0335-052E and SBS 0335-052W follow the trend of increasing Ne/O with oxygen abundance found by Izotov et al. (2006b) for other low-metallicity emission-line galaxies (Fig. 10b) . This trend is caused by oxygen depletion onto dust and implies that there is a small amount of depletion of oxygen in SBS 0335-052E and SBS 0335-052W despite the detection of dust in SBS 0335-052E (e.g., Thuan et al. , 1999; Houck et al. , 2004) .
The S/O abundance ratio in both galaxies is close to the average value obtained for other low-metallicity emission-line galaxies (Fig. 10c) . On the other hand, Cl/O in SBS 0335-052E is systematically lower (Fig. 10d) and Ar/O is systematically higher (Fig. 10e) than the averaged values obtained by Izotov et al. (2006b) for other low-metallicity galaxies. These differences imply that there is a metallicity dependence of the α-element production by massive stars. The explosion energy of Type II supernovae might play a role (Kobayashi et al. , 2006) . However,
log Ar/O (e) and log Fe/O (f) vs oxygen abundance 12 + log O/H for the emission-line galaxies. Large filled circles show regions in SBS 0335-052E, large stars show regions in SBS 0335-052W. The galaxies from comparison samples are shown by small symbols. Small filled circles are galaxies from the HeBCD sample collected by Izotov et al. (2004b) and for the primordial He abundance determination, dots are the galaxies from the SDSS DR3 sample (Izotov et al. , 2006b ). The solar rations as compiled by Lodders (2003) are indicated by the large open circles and the associated error bars are shown. Izotov et al. (2006b) pointed out that abundance determinations for some elements such as S, Cl, and Ar could be uncertain because of the uncertainties in the rates of some atomic processes, e.g., rates of dielectronic recombination. Further analysis of larger samples of extremely low-metallicity galaxies is needed to clarify the reasons for Cl/O and Ar/O deviations in SBS 0335-052E from other galaxies.
The most prominent trend was found by Izotov et al. (2006b) for the Fe/O ratio. New data for SBS 0335-052E confirm and strengthen the previous result that Fe is depleted onto dust grains and that this effect depends on the galaxy metallicity. The depletion of Fe decreases with decreasing metallicity, and in the H II regions of SBS 0335-052E with the lowest metallicity, the depletion is the lowest. Izotov & Thuan (1999) and Izotov et al. (2006b) demonstrated that the dispersion in N/O in low metallicity BCDs with 12 + log O/H < 7.5 -7.6 is very small with a plateau value of log N/O ∼ -1.6. However, in this paper, we find that N/O in H II regions of SBS 0335-052E and SBS 0335-052W is higher than a plateau value implying that there is some increase in N/O with decreasing oxygen abundance at 12 + log O/H < 7.5 (Fig.  10a) . If true, this tendency would agree with studies of primary nitrogen production by low-metallicity rotating stars. For example, Meynet & Maeder (2002) showed that the production of primary nitrogen is significantly higher in rapidly rotating stars of extremely low metallicity as compared to that in non-rotating stars. Although they considered stellar models with the heavy element mass fraction Z = 10 −5 , which is significantly lower than the values of Z ∼ 0.0002 -0.0005 in the H II regions of SBS 0335-052E and SBS 0335-052W, it is possible that the interstellar medium in these galaxies "memorizes" the chemical enrichment by the most metal-deficient stars.
Helium abundance
Helium (
4 He) and some other light elements and isotopes such as D, 3 He, and 7 Li were produced mainly within the first few minutes after the Big Bang and they can therefore be used to constrain cosmological models (e.g., Steigman , 2005 Steigman , , 2006 . Because of their extremely low metallicity, SBS 0335-052E and SBS 0335-052W are among the most suitable objects to use for the primordial He abundance determination. This is because the fraction of He produced by stars in these galaxies is less than 1% of the fraction of He synthesized during the primordial nucleosynthesis. Significant efforts have been made to determine the primordial He mass fraction Y p from observations of lowmetallicity H II regions and the baryonic mass fraction of the Universe Ω b . Because of the logarithmic dependence of Y p on Ω b , an accuracy of higher than 1% in Y p is required to place constraints on the cosmological models. This high accuracy is feasible for the data obtained with the VLT for SBS 0335-052E and SBS 0335-052W (provided that the atomic data are known with sufficient accuracy, Porter et al. , 2009) . In this paper, we determine the He abundance following the method described by Izotov et al. (2007a) .
There is now a general consensus that the accuracy of the primordial He abundance determination is limited, not so much by statistical uncertainties, but by our ability to account for systematic errors and biases (e.g., Olive & Skillman , 2004; Peimbert et al. , 2007; Porter et al. , 2009) . There are many known effects to correct for when transforming observed He I line intensities into a He abundance. These effects are: (1) reddening; (2) underlying stellar absorption in the He I lines; (3) collisional excitation of the He I lines, which causes their intensities to deviate from their recombination values; (4) fluorescence of the He I lines, which also make their intensities deviate from their recombination values; (5) collisional excitation of the hydrogen lines (hydrogen is relevant because the helium abundance is calculated relative to that of hydrogen); (6) possible departures from case B in the emissivities of H and He I Benjamin et al. (1999 Benjamin et al. ( , 2002 and Porter et al. (2005) , respectively. The oxygen abundance is derived adopting T e (He + ). lines 2 ; (7) the temperature structure of the H II region; and (8) its ionization structure. All of these corrections are at a level of a few percent except for effect (3), which may be much higher, exceeding 10%, in the case of the He I λ5876 emission line in hot and dense H II regions.
The derived He + abundance y + = He + /H + depends on the adopted He I line emissivities. We considered two sets of He I emissivities: older values by Benjamin et al. (1999 Benjamin et al. ( , 2002 , which were used by [Benjamin et al. (2002) take into account both collisional and fluorescent enhancements], and more recent values by Porter et al. (2005) , which were computed using improved radiative and collisional data. Following Izotov et al. (1994 Izotov et al. ( , 1997a and , we used the five strongest He I λ3889, λ4471, λ5876, λ6678, and λ7065 emission lines to derive the weighted mean He + abundance y + wm , where the weights were defined by the flux error of each He I emission line.
In addition to the emissivities, the derived y + abundances also depend on a number of other parameters: the fraction ∆I(Hα)/I(Hα) of the Hα emission line flux due to collisional excitation; the electron number density N e (He + ); the electron temperature T e (He + ); the equivalent widths EW abs (λ3889), EW abs (λ4471), EW abs (λ5876), EW abs (λ6678), and EW abs (λ7065) of He I stellar absorption lines; and the optical depth τ(λ3889) of the He I λ3889 emission line. To determine the most robust value of y + wm , we use the Monte Carlo procedure described in , randomly varying each of the above parameters within a specified range. First, we took into account collisional excitation effects for hydrogen. The fraction of the Hα flux produced by collisional excitation was randomly generated 100 times within an adopted range. The fraction of the Hβ emission line flux due to the collisional excitation was adopted to be three times less than that of the Hα flux. For each generated fraction, the fluxes of the Hα and Hβ lines caused by the collisional excitation were subtracted from the total observed fluxes and all emission line fluxes were then corrected for un-derlying stellar absorption (in the case of hydrogen lines) and interstellar extinction, and element abundances were calculated.
To calculate y + , we varied N e (He + ) simultaneously and randomly in the range 10 -450 cm −3 , T e (He + ) in the range (0.95 -1.0)×T e (O III), and τ(λ3889) in the range 0 -5. We produced a total of 10 5 of these realizations for every H II region, for a given fraction of Hα emission line flux created by collisional excitation. Thus, the total number of Monte Carlo realizations that we performed for each H II region was 100 × 10 5 = 10 7 . As for the He I underlying stellar absorption, we followed prescriptions by Izotov et al. (2007a) . We adopted fixed values of EW abs (λ4471) = 0.4Å, EW abs (λ3889) / EW abs (λ4471) = 1.0, EW abs (λ5876) / EW abs (λ4471) = 0.3, EW abs (λ6678) / EW abs (λ4471) = 0.1, and EW abs (λ7065) / EW abs (λ4471) = 0.1.
For each H II region, we found the optimal solution for y + wm in the multi-parameter space defined above by minimizing the quantity
where y + i is the He + abundance derived from the flux of the He I emission line labelled i, and σ(y 
We used all five He I emission lines to calculate χ 2 (i.e., n = 5), but only three lines, He I λ4471, λ5876, and λ6678 to compute y + wm (k = 3). This is because the fluxes of the He I λ3889 and λ7065 emission lines are more uncertain than those of the other three He I emission lines.
Additionally, in those cases when the nebular He II λ4686 emission line was detected, we added the abundance of doubly ionized helium y 2+ ≡ He 2+ /H + to y + . Although the He 2+ zone is hotter than the He + zone, we adopted T e (He 2+ ) = T e (He + ). This assumption has only a minor effect on the y value, because y 2+ is small (≤ 3% of y + ) in all cases. Then the total He abundance was derived to be
where ICF(He + +He 2+ ) is the ionization correction factor, adopted from Izotov et al. (2007a) . The He mass fraction was obtained from
where Z is the heavy element mass fraction. We adopted Z = a(O/H) in Eq. 4, where a = 18.2 was obtained by assuming an oxygen mass fraction of O=0.66Z for a heavy element mass fraction Z=0.001 (Maeder , 1992) . Some authors use slightly different values of a. In particular, Pagel et al. (1992) adopted a = 20. These differences introduced a tiny effect on the Y value in H II regions with O/H < ∼ 10 −4 , resulting in a difference of < ∼ 0.02% in Y, if our value of a is adopted instead of that by Pagel et al. (1992) .
The results of our determinations of the He abundance in different regions of SBS 0335-052E and SBS 0335-052W corresponding to minimum of χ 2 for two different sets of emissivities are shown in Table 8 . It can be seen that the derived He mass fractions Y are very consistent (within < ∼ 1%) in all H II regions, while the statistical errors 1 -5% of the Y values are comparable to those obtained by other authors for different galaxies (see e.g., Peimbert et al. , 2007) . The weighted mean Y derived from all observations shown in Table 8 is equal to Y wm = 0.2485 ± 0.0012 for the emissivities derived by Benjamin et al. (1999 Benjamin et al. ( , 2002 and Y wm = 0.2514 ± 0.0012 for Porter et al. (2005) emissivities. These values are very close to the primordial He abundance since the considered H II regions are of very lowmetallicity. They are obtained by taking into account almost all systematic effects. The largest systematic effect is collisional excitation of He I emission lines. In the case of SBS 0335-052E No.1+2 this effect could increase the intensity of the strongest He I λ5876 emission line by up to 10% relative to the recombination value. Collisional excitation of the He I λ7065 emission line has an even stronger effect, of ∼50%. If not taken into account, this systematic effect can produce the weighted mean He mass fraction of 0.266, or a value ∼ 6% higher than the value of 0.251 in Table 8 for Porter et al. (2005) emissivities. This difference is much higher than the errors of ∼ 1-3% for Y p obtained by different authors. However, since these systematic effects are taken into account in our Y determination, they are not included in the error budget. An exception is the differences between two different sets of He I emissivities by Benjamin et al. (1999 Benjamin et al. ( , 2002 and Porter et al. (2005) . Treating the different He I line emissivities as systematics affecting the Y wm determination, we obtain Y wm = 0.2500 ± 0.0012 (stat.) ± 0.0015 (syst.).
We also rederive the primordial He abundance from linear regressions to Y -O/H for the large sample of low-metallicity H II regions from Izotov et al. (2007a) , including also our values for SBS 0335-052E and SBS 0335-052W from the present study. These regressions are obtained by taking into account the statistical errors in Y and O/H for every object and are shown in Fig. 11 for two sets of emissivities, Benjamin et al. (1999 Benjamin et al. ( , 2002 (Fig. 11a) and Porter et al. (2005) (Fig. 11b) . In this Figure, we indicate by dots 93 observations of 77 H II regions from the HeBCD sample Izotov et al. , 2007a) and by open circles different H II regions in SBS 0335-052E and SBS 0335-052W. Solid lines are linear regressions obtained by a likelihood method, and the dashed lines are 1σ alternatives to these regressions. We obtain Y p = 0.2473 ± 0.0011 for the Benjamin et al. (1999 Benjamin et al. ( , 2002 emissivities and Y p = 0.2514 ± 0.0010 for the Porter et al. (2005) emissivities. Despite the statistical errors of Y for the H II regions in our sample being comparable to those derived in other studies, the statistical errors of Y p are significantly lower than those derived by e.g., Olive & Skillman (2004) , Fukugita & Kawasaki (2006) , and Peimbert et al. (2007 
Summary
We have presented our analysis of archival VLT/FORS and VLT/UVES spectroscopic observations of a system of two extremely low-metallicity blue compact dwarf (BCD) galaxies, SBS 0335-052E and SBS 0335-052W. Some of these spectroscopic data are of the highest signal-to-noise ratio, highest spectral resolution and highest spatial resolution obtained up to date for this system of galaxies since its first spectroscopic observations, 20 years ago (Izotov et al. , 1990a,b,c) .
Our main results are as follows: 1. The oxygen abundance in different regions of both galaxies is extremely low. We find that the oxygen abundance 12 + log O/H in SBS 0335-052E varies in the range 7.12 -7.32, while in SBS 0335-052W, it varies in the range 6.86 -7.22. Thus, SBS 0335-052W holds the record as the most metal-deficient emission-line galaxy known, supporting and strengthening previous findings by Izotov et al. (2005) and Papaderos et al. (2006) . We suggest that the oxygen abundance variations in both galaxies are likely to be real and imply incomplete mixing of the interstellar medium and the chemical element self-enrichment of H II regions by the present bursts of star formation.
2. We derive the He mass fraction Y in different H II regions of SBS 0335-052E and SBS 0335-052W using Monte Carlo simulations and taking into account systematic effects. We find that the He mass fraction in all studied H II regions varies only a little and, depending on the adopted He I line emissivities, has a weighted mean value Y wm of 0.2485±0.0012 with the Benjamin et al. (1999 Benjamin et al. ( , 2002 emissivities and of 0.2514±0.0012 with the Porter et al. (2005) emissivities. Using the data of the present paper for SBS 0335-052E and SBS 0335-052W in connection with the HeBCD sample of low-metallicity BCDs by and Izotov et al. (2007a) , we rederive the primordial He mass fraction Y p from linear regressions to Y versus O/H. We determine a value of Y p = 0.2473±0.0011 using the Benjamin et al. (1999 Benjamin et al. ( , 2002 3. The abundance ratios of the α-elements to oxygen in both galaxies follow the trends found in previous studies of lowmetallicity emission-line galaxies. In particular, new data confirm findings by Izotov et al. (2006b) that Ne/O increases with increasing oxygen abundance, implying a higher depletion of oxygen in higher-metallicity galaxies. We find that S/O in both galaxies is close to the average value obtained for other lowmetallicity emission-line galaxies. On the other hand, Cl/O in SBS 0335-052E is lower than the average value for other lowmetallicity emission-line galaxies, while Ar/O is higher than the average value. These differences could be due to the metallicitydependent yields of α-elements synthesized by massive stars. However, it is also possible that differences are caused by uncertainties in the atomic data for some elements (e.g., uncertainties in the dielectronic recombination rates), which infer incorrect abundances of sulfur, chlorine, and argon.
4. The measurement of Fe/O in SBS 0335-052E is among the highest values found in emission-line galaxies and follows the general trend of decreasing Fe/O with increasing oxygen abundance implying iron depletion onto dust (Izotov et al. , 2006b) . Despite the detection of dust in SBS 0335-052E by Thuan et al. (1999) and Houck et al. (2004) , the high gas-phase Fe/O abundance ratio suggests that iron is hardly depleted in the ionized medium of this galaxy.
5. We find that N/O in SBS 0335-052E and SBS 0335-052W is slightly above the plateau value found by Izotov & Thuan (1999) and Izotov et al. (2006b) for extremely low-metallicity emission-line galaxies. There is a tendency for N/O increasing with decreasing oxygen abundance in extremely low-metallicity galaxies with 12 + log O/H < 7.6, probably because of an enhanced production of primary nitrogen by lower-metallicity rapidly rotating stars (Meynet & Maeder , 2002) . 
